This paper assesses sources of productivity spillovers in China's electric and electronic manufacturing industry using a rich panel data-set of 25,360 firms observed over the period [2004][2005][2006][2007]. This industry is characterized by its important reliance on technology. In particular, the paper focuses on the role of other firms' productivity as well as productivity shifters in affecting own firm-level total factor productivity. In addition, this paper examines the possible difference between spillovers from foreign-owned units and from units which participate at global markets through exporting in comparison to domestically-owned and non-exporting units.
Introduction
The hypothesis that multinational firms induce technological spillovers is well established (see Davies, 1977; Teece, 1977) , but empirical evidence at the firm or plant level is mixed (see Mansfield and Romeo, 1980; Aitken and Harrison, 1992; Haddad and Harrison, 1993; Smarzynska Javorcik, 2004; Ebersberger and Lööf, 2005; Görg and Strobl, 2005; Rasiah, 2005 Rasiah, , 2006 Castellani and Zanfei, 2006; Branstetter, 2006; Görg, Hijzen, and Murakozy, 2006; Lööf, 2007; Keller and Yeaple, 2009; Narula and Guimón, 2009; O'Donoghue and Croasdell, 2009; Smarzynska Javorcik and Spatareanu, 2009; de Faria and Sofka, 2010; Kafouros, Buckley, and Clegg, 2012; Peerally and Cantwell, 2012) . For example, the study by Aitken, Hanson, and Harrison (1997) points to an indirect effect of multinational firm presence on technology. In fact, they suggest that multinational firms work as export catalysts and generate externalities that enhance both productivity and export prospects. They argue that the main channel through which multinationals affect technology is via exporting and induced exports. In other words, conditional on exports, multinational firm presence has little role to play, suggesting that export market participation is a major direct channel for spillovers. Aitken, Hanson, and Harrison (1997) report sizable spillover effects of exporters on other firms in Bangladesh's garment industry. This is also confirmed by Clerides, Lach, and Tybout (1998) using micro-data for Colombia, Mexico, and Morocco. They find that exporting firms induce regionally-bound productivity spillovers on other firms. Similarly, using Chinese transactions-level data, Fernandes and Tang (2011) find that export processing firms induce positive spillovers on other firms and raise those firms' export participation, product scope, and country penetration. Their findings suggest that spillovers mainly happen within the same industry. Moreover, previous research suggests that spillovers tend to be regionally bound (see Aitken and Harrison, 1999) .
The present paper contributes to the literature on TFP growth and spillovers along three lines. First, it disentangles different sources of TFP growth depending on firm type: foreign-owned, exporting, both or none.
Most of the previous research focused on spillovers from foreign-owned firms or on spillovers from exporters (i.e., on learning by exporting). Yet, only a joint treatment of the two permits attributing spillovers to exporting and/or foreign ownership.
Second, it assesses the magnitude of spillovers along two dimensions: subsectors and geography. Utilizing data on 25,360 firms observed over the period 2004-2007 from China's electronics industry (altogether as well as for its three two-digit subsectors), 1 we illustrate that the nature and magnitude of spillovers from foreign-versus-domestically-owned and from exporting-versusnon-exporting firms differs across subsectors of the electronics industry. The identified pattern accords with theory that suggests that learning-from-exporters, and particularly of foreign-owned exporters, is an important source of spillovers in China's electronics sector at large. Moreover, the findings accord with theory suggesting that spillovers are stronger from non-multinational exporters in subsectors that are particularly knowledge intensive and where capturing that knowledge appears particularly relevant to foreign-owned companies.
Third, the present paper adds to our understanding of the geographical reach of technology spillovers. Considering alternative specifications of the geographical bounds of spillovers, we find that they drop off sharply beyond a reach of the size of a 4-digit zip-code region (which has an average radius 1 There is broad interest in China's productivity growth. Earlier studies include, among others, Heshmati and Kumbhakar (2011) analyzing provincial data, Chen and Song (2008) analyzing county data, Lin (1992) and Wu (1995) analyzing sectoral data, and Brandt, Van Biesebroeck, and Zhang (2012) analyzing firm level data.
of about 50 kilometers in China).
The remainder of the paper is organized as follows. Section 2 describes the econometric model, the underlying assumptions, and the estimation strategy.
Second 3 describes the data and estimation results, and the last section concludes.
Empirical model
In this section, we specify a contagious process determining TFP in China's electronic industry.
Model outline
We use subscript i = 1, ..., N to refer to individual firms, and subscript t = 1, ..., T to refer to time periods. Since firms enter and exit the market, we denote the number of firms observed at time t by N t . Let us denote the N t × 1 vector of firm-level TFP indices measured at time t as y t . We assume that it is determined by three components: (i) other types of (relevant or neighboring) firms' TFP indices at time t − 1, denoted by Y t−1 (an N t × S matrix); (ii) an N t × K matrix of TFP index shifters at time t denoted by X t ; and (iii) an unobservable (N t × 1) vector of disturbances u t . The sth column of Y t−1 , denoted by y s,t−1 is an N t × 1 vector of spillovers from source s. Specifically, we distinguish between the following four sources of spillovers: foreign-owned firms serving only the Chinese market (y F D,t−1 ); domestic exporters (y DE,t−1 ); foreign-owned firms that are also exporting their products (y F E,t−1 ); and domestic firms serving the domestic market only (y DD,t−1 ), i.e, neither foreign-owned nor exporting. For all the firms of type s, y s,t−1 is constructed as follows: y s,t−1 = W s,t−1 y t−1 , where y t−1 is an N t−1 vector of firm-level TFP indices measured at time t − 1. W s,t−1 is an N t × N t−1 maximum row-sum-normalized weights matrix of adjacency (location in the same zip code area) between all the firms of type s present in period t and period t − 1, respectively; W s,t−1 has zero entry in all cells except for those off-diagonal cells in row i (referring to firm i) where firm j in column j is located in the same zip code as firm i and belong to the same type s. W s,t−1 is asymmetric and its off-diagonal, non-zero elements correspond to the inverse of the maximum number of neighbors of type s found across all firms and years.
We model the interactions between firms by the following Cliff-Ord-type spatial model for period t:
where Z t = [Y t−1 , X t ], λ and β (and δ) are conformable vectors of unknown parameters. u t = (u it ) is an N t × 1 vector of (potentially) spatially correlated disturbances, and ε t = (ε it ) is an N t × 1 vector of spatially uncorrelated error terms consisting of the following two components: µ t = (µ i ) is an N t × 1 vector of time-invariant firm effects 2 and ν t = (ν it ) is a vector of time-variant innovations. The assumptions about the stochastic process will be specified below. The vector W t u t represents a spatial lag of u t and the scalar ρ denotes the spatial auto-regressive parameter. Notice that W t is an N t × N t matrix which has zero entry in all cells except for those off-diagonal cells in row i (corresponding to firm i) where firm j in column j is located in the same zip code area as firm i. W t is symmetric and its off-diagonal, nonzero elements correspond to the inverse of the maximum number of neighbors 2 The vector µ t carries a time index only because of the entry and exit of some firms over time.
found across all firms i of any type and across all years t. Hence, W t captures neighborliness of firms of all types whereas W s,t−1 captures neighborliness for firms of type s.
We sort the data first by time t (slow index) and then by firms i (fast index) to write the stacked model in matrix form as follows:
where Y T −1 has typical elements diag(W t−1 y t−1 ). Let n = t=1 N t denote the total number of observations and let N be the unique number of firms in the data. Here, Z µ is an n × N selector matrix which allots the appropriate elements of the N × 1 vector of unique firm individual effects µ to the firms across the years, see Baltagi (2013) . W = diag(W t ) is an n×n block-diagonal maximum-row-sum-normalized spatial weights matrix.
Assumptions
We follow the assumptions given in Kapoor, Kelejian, and Prucha (2007):
(i) (Assumptions on the error components):
, and µ i and ν it are independent of each other for all i and t. Hence, the covariance of ε it and ε js is as follows: Cov(ε it ε 2 2 is ) = σ µ + σ ν for i = j and t = s; Cov(ε 2 it ε is ) = σ µ for i = j and t = s; and Cov(ε it ε is ) = 0 otherwise. The variance components are uniformly bounded away from zero and from infinity. (ii) (Assumptions on W t and W s,t−1 and admissible parameter space):
All diagonal elements of both W t and and W s,t−1 are zero and they are normalized so that the maximum row sum across all t is unity. ρ ∈ (−1, 1) and the matrix I n − ρW is nonsingular. The restrictions on the parameters λ s are less restrictive since TFP growth of neighbors of type s only affects other firms with a time lag. (iii) (Assumptions on TFP shifters:) All columns of the regressor matrix X are nonstochastic and uncorrelated with both µ and ν.
Assumption (i) ensures that the parameters can be estimated consistently under a set of assumptions that is similar to the one in Kelejian and Prucha (2010) . Assumption (ii) is a standard normalization of spatial weights matrices which ensures that the shocks in the interdependent system have finite consequences.
Recall that the dependent variable y t in this model is the log of an index number which reflects the change in TFP from period t − 1 to period t. The variables in Y t−1 are spatially weighted lags of such changes. Hence, the model corresponds to a differenced version of a spatial panel data model as in Badinger and Egger (2013) , where the spatial lags of the differenced dependent variable enter with time lag. This avoids the endogeneity of the spatial lags as long as the time-wise autocorrelation of the differenced disturbance is absent or small. In fact, instrumenting Y t−1 by lagged exogenous shifters of y t had little effect on the estimation results.
Estimation procedure
In our model, we address two main issues: spatial autocorrelation of random shocks to TFP growth and four potential sources for TFP spillovers. We distinguish spillovers arising from foreign-owned firms which serve the domestic market only (FD), domestically-owned exporters (DE), foreign-owned exporting firms (FE), and domestic firms serving the domestic market only (DD), i.e., domestically-owned non-exporters.
We assess the range of spillovers in TFP growth in the electronics industry along two dimensions. First of all, we estimate the model in (3) -(4) for all firms in the electronics industry as well as for firms in three individual subsectors.
3 Such an analysis provides insights into the poolability of parameters across these subsectors, and it illustrates the strength of spillovers within versus across subsectoral boundaries.
We also consider spillovers within 4-digit zip-code regions (the smaller regional aggregates considered) and within 3-digit zip-code regions (the larger regional aggregates considered). There are 1,068 4-digit zip-code regions and 321 3-digit zip-code regions in the data. Their relative size is illustrated in (1973, 1974) type weighting for unbalanced one-way panel data models with random effects (see Baltagi, 2013) to any transformed variable v * it to obtain the twice-transformed generic variable v * *
where T i is the number of years firm i is in the data and v * i. denotes the mean of v * it of firm i (see Baltagi, Egger, and Pfaffermayr, 2007 , for details on the estimation of spatial unbalanced error components models). Using these twice-transformed generic variables v * * = (v * * it ), one may re-estimate equation (3). The latter corresponds to a feasible spatial GLS procedure for For the measurement of TFP growth, we employ the Törnqvist index to approximate the unit cost function in order to derive TFP growth 5 of firm i in year t as a residual quantity of the form
where f = 1, ..., F denotes factor f . We consider three factors f : labor, capital, and materials. The term ∆p it = ln p it − ln p i,t−1 is the first difference of the log value added price of firm i between years t − 1 and t. The term 0.5(θ f it + θ f i,t−1 ) is the average cost share of factor f for firm i at periods t and t − 1, and ∆ ln w f it = ln w f it − ln w f i,t−1 is the first difference of the price of factor f for firm i between years t − 1 and t.
TFP growth shifters:
The recent literature regarding the interface between international economics 4 Recall that the dependent variable in this paper represents the (log) change of TFP (i.e., TFP growth). Accordingly, the between variation in the data is relatively small.
The fraction of the time-invariant component in the disturbances is close to zero. Hence, estimation with firm fixed effects leads to a dramatic loss of information and degrees of freedom. 5 See Diewert (1981) , Caves, Christensen, and Diewert (1982) , and Heshmati, Hjalmarsson, and Kumbhakar (1999) for a broad discussion about measurement and estimation of TFP growth.
and industrial organization suggests that export market participation boosts firm-level productivity (e.g., see Bernard and Jensen, 2001; Aw, Roberts, and Winston, 2007; De Loecker, 2007; Wagner, 2007 ). An even bigger literature discusses the importance of foreign ownership for a firm's technology (see Mansfield and Romeo, 1980; Rasiah, 2005 Rasiah, , 2006 Castellani and Zanfei, 2006; Keller and Yeaple, 2009; Narula and Guimón, 2009; O'Donoghue and Croasdell, 2009; de Faria and Sofka, 2010; Kafouros, Buckley, and Clegg, 2012; Peerally and Cantwell, 2012) . However, empirical evidence on the positive effect of foreign ownership is mixed (see the survey by Görg and Greenaway, 2004) . Finally, it is well established that technological change through the office equipment revolution has pushed total factor productivity (see, e.g., Feenstra and Hanson, 1999) , and that worker training tends to boost total factor productivity (see, Aw, Roberts, and Winston, 2007) . Consequently, X in (3) contains the following columns: Firm-type-specific spillover terms:
In general, we assume in line with the literature that productivity spills over (voluntarily or involuntarily) to other firms in a geographically bound way. The type-s-specific spatial lags of TFP growth y it in Y −1 with s ∈ {F D, DE, F E, DD} are constructed as described above. Earlier work suggests that the direction and magnitude of spillovers from foreign-owned firms in a host country depend on the motive of foreign market entry (see Dunning and Narula, 1995, 2000) . If access to the local consumer market is the main motive and foreign-owned firms are more technologically advanced than their local competitors, multinational firms will mainly try to protect their knowledge in order not to loose their comparative advantage (see Aitken and Harrison, 1999 , for evidence that is consistent with this view for firms in Venezuela firms. The latter suggests that exporters might induce positive spillover effects on other firms, irrespective of whether they are foreign-owned or not. To the extent that foreign-owned firms have access to potentially bigger export markets and a bigger knowledge base (see, e.g., Dunning, 1970; or Cantwell, 1989 ), the spillovers they are able to generate might be bigger than those 6 Kogut and Zander (1993) suggest that multinational firms will generally induce less spillovers from their knowledge base, the more tacit and complex the knowledge is they transfer to subsidiaries abroad. Spillovers to third parties will be stronger if that knowledge is more general.
of domestically-owned exporters. Moreover, spillovers depend on the size of the technology gap and the absorptive capacity of the technology followers.
The more advanced a technology-leading firm is relative to a follower, the bigger is the incentive but the more difficult it is to catch up and absorb the leader's technology (multinational or not) for the follower. While some papers favor the view that spillover effects are bigger when technology gaps are moderate or with stronger absorptive capacity (see Cantwell, 1989 , Kokko, Tansini, and Zejan, 1996 , Narula and Marin, 2003 , or Borensztein, de Gregorio, and Lee, 1998 others suggest that catching up is stronger with a bigger technology gap (see Castellani and Zanfei, 2003 , Findlay, 1978 , or Wang and Blomstrom, 1992 .
Data:
All data utilized in this study are provided by the National Bureau of Statistics of China (NBS). Their data provide information on balance sheets, exports, foreign versus domestic ownership, and a firm's location for all units with an annual turnover of more than five Million Yuan (about 700 000 USD).
We focus on the electronics sector which is composed of three two-digit subsectors as mentioned before: Manufacturers of electric equipment (industry code 39); Manufacturers of communication equipment, computers, and other electronic equipment (industry code 40); Manufacturers of instruments, meters, and other office instruments (industry code 41). The electronics sector appears interesting for a study like this because it is heavily reliant on technology (more so than the food industry, for example). Moreover, the electronics sector is characterized by a strong international presence in China by way of the holdings of foreign affiliates of foreign companies. The latter allows for stronger technology spillovers from abroad than in the absence of foreign ownership. Specifically, data on annual changes in output prices (∆ ln p it ) and factor prices (∆ ln w f it ) as well as total expenditure on workers, production-related investments and capital, as well as on intermediate inputs (θ f it ) are available from that source. These data allow us to calculate the dependent variable y in (3) as described above.
The data-set provides information on each firm's zip code. It also identifies whether a firm is exporting or foreign-owned. This information allows us to construct binary variables -one if exporting, and zero otherwise; one if partly foreign-owned, and zero otherwise; one for any two firms if they belong to the same 4-digit or 3-digit zip code -which may be utilized to set up the four spatial weight matrices W s,t−1 for any year t and firm type s as well as for the disturbance spatial weight matrix W . In turn, this allows us to generate the columns of Y −1 in (3) which is the lagged counterpart of
Descriptive statistics: Table 1 reports some descriptive statistics.
- Table 1 Table 2 shows the correlation among all covariates including the spatially and time-wise lagged dependent variables. For the latter, we report correlations based on the two geographical reaches -4-digit and 3-digit zip-code regions -of spillovers for the total electronics industry (Subsectors 39-41).
- Table 2 about hereAmong the TFP growth shifters, the export-to-sales ratio and the foreignowned-to-total-capital ratio exhibit the highest partial correlation coefficient (0.522). Regarding the spatially and time-wise lagged dependent variables, the highest partial correlation coefficient is 0.663. Overall, the correlation among the regressors is moderate and does not point to severe multicollinearity among the regressors. of Lengshuijiang -a city that is located in the interior of the country -points also to some catching up of cities outside of the coastal region.
7 Big cities consist of more than one 4-digit zip code region, while for smaller cities the zip code region may coincide with the city range. When looking at the whole city, Shenzhen in total hosts 1,789 firms in the considered sector. By comparison, Shanghai hosts 1,898 firms. 8 These figures are suppressed to save space. However, they are available upon request from the authors. Table   3 , respectively. For each model, we report the simple correlation coefficient between the dependent variable and the model prediction. Bearing in mind that we focus on firm-level data, and that the dependent variable reflects annual log changes, we consider these correlation coefficients to be high. The results can be summarized as follows.
Estimation results
- Table 3 about hereRegarding the shifters of TFP growth in X, we find that they exhibit relatively small effects. However, notice that TFP growth only amounts to about 0.06 on average. According to Table 3 , there is no evidence of a positive effect of office equipment expenditures on TFP growth. This is not surprising, since the production of electronics relies more on specialized machines than on simple office equipment. Expenditures for the training of the workforce are significant for Subsector 39 only. There is a positive effect for exporting firms and none per se for foreign ownership on TFP growth.
This provides evidence in favor of the learning-by-exporting hypothesis and is consistent with earlier work. For instance, Greenaway and Kneller (2004) found small effects and only temporary effects of export market entry by firms in the United Kingdom on subsequent productivity growth. Moreover, the work of Greenaway, Gullstrand, and Kneller (2005) and Greenaway and Kneller (2007) points to the heterogeneity of exporting effects on a firm's own productivity growth. According to the survey by Görg and Greenaway (2004) , empirical evidence on productivity spillovers from foreign ownership using panel data is rare and ambiguous, especially, for economies in transition. Different reasons for non-positive externalities of foreign ownership may arise from competition or business stealing effects (see Haddad and Harrion, 1993; Aitken and Harrison, 1999) . Furthermore, foreign-owned firms may have a bigger incentive to protect their knowledge and to avoid spillovers than other firms (see Perri and Andersson, 2012) , especially, in knowledgescarce countries (see De Faria and Sofka, 2010) . From this perspective, we would not have strong priors towards an unambiguously positive effect of foreign ownership on spillovers in the strongly knowledge-dependent electronics industry, especially, in a country of transition such as China.
With regard to the spillover effects, we obtain the following insights. In general, stronger spillover effects occur when considering the smallest geographical reach within 4-digit zip code areas. TFP growth of neighboring foreign-owned exporting firms in the previous year exhibits a positive impact on TFP growth of an average firm in the current year. In contrast,
foreign-owned non-exporting firms have no impact on average. It appears that foreign-owned firms tend to induce more important knowledge spillovers in China if they participate in the export market than when they only target Chinese customers. This holds true for firms in all subsectors on averagein particular in Subsectors 39 and 40 -within 4-digit or 3-digit zip codes.
Similarly, we find positive and significant spillovers from TFP growth of domestically-owned exporters and negative effects from domestically-owned non-exporters, when considering spillovers within 4-digit zip-code regions. Since Subsector 40 is generally characterized by a large presence of technologicallyadvanced foreign-owned firms (more than half of all firms are foreign companies, while overall in the other sectors no more than 37% of the firms are foreign-owned), the finding of bigger spillovers for domestic exporters in that industry is consistent with the stronger incentive to learn from the leaders by the followers, according to Du, Lu, Tao, and Yu (2012) . Note also that several earlier studies found a positive impact of foreign ownership on exporting of domestic firms (see Narula and Wakelin, 1998 , using country-level data or Greenaway, Sousa, and Wakelin, 2004 , using firm-level data).
- Table 4 about here - Table 4 presents the results for the spatial random effects models based on (3)-(4). As before, the left (right) panel summarizes the results when allowing for spillovers to occur within 4-digit (3-digit) zip codes. In general, the tables suggest that (foreign-owned and domestically-owned) exporters exhibit a higher TFP growth on average, across Subsectors 39-41, when allowing spillovers to occur only within 4-digit zip codes. The spillover parameters are similar between the spatial and non-spatial models, as expected.
Domestic non-exporting firms exhibit a negative impact on TFP growth.
The estimated spatial autocorrelation parameter ρ is positive for all regressions. The parameter is largest for all sectors and smallest for Subsector 41. As expected, ρ tends to be higher when considering spillovers in larger zip code areas (e.g., 3-digit versus 4-digit zip codes). To see this, take the model which pools across all subsectors with spillovers within 4-digit zip codes and compare it to the corresponding one with spillovers within 3-digit zip codes.
While ρ = 0.334 for 4-digit zip codes, it is ρ = 0.475 for 3-digit zip codes.
The reason for the identified pattern is that the non-zero entries of the normalized spatial weights matrix are smaller with a wider possible geographical range of spillovers. The maximum number of neighbors for all sectors is 1,080
and it is 180 for Subsector 41 with spillovers within 4-digit zip codes. On the contrary, those numbers are 2,543 and 290, respectively, with spillovers within 3-digit zip codes. Moreover, the maximum neighbors across all years and subsectors is 598 for F E-type spillovers in TFP growth, 85 for F D-type spillovers, 202 for DE-type spillovers, and 374 for DD-type spillovers within 4-digit zip codes. These numbers are 1,162 for F E-type spillovers, 294
for F D-type spillovers, 618 for DE-type spillovers, and 1,068 for DD-type spillovers within 3-digit zip codes. Hence, the strength of spillovers in the dependent variable and in the disturbances tends to decline in general as we consider more distant units.
Conclusion
This paper focuses on the role of technology spillovers from different firm types -exporters versus non-exporters and foreign-owned versus domesticallyowned -in China's electric and electronic industry. We find that spillovers have a relatively short reach and do not go far beyond 4-digit zip codes.
Moreover, firms' export market participation tends to benefit other firms in terms of total factor productivity growth spillovers more extensively than foreign ownership per se.
Overall, the results suggest that technology spillovers are strongest from foreign-owned exporters in all considered subsectors of the electronics industry, except the one that is most technology intensive and characterized by a particularly strong presence of foreign firms, namely the Manufacturing of communication equipment, computers, and other electronic equipment.
In the latter subsector, spillovers are stronger from domestically-owned exporters than from foreign-owned ones. This is consistent with the notion of stronger incentives for multinational firms to capture their knowledge in particularly knowledge-intensive sectors, where there is a relatively large gap in productivity between the home and the host country. In general, the results support the hypothesis that learning from exporters is an important source of productivity growth in China, and learning from foreign-owned exporters is particularly important, except for the most technology-intensive subsectors. 1. *, **, and *** refer to significant parameters and test statistics at 10%, 5%, and 1%, respectively. 2. The sample consists of firms in the electronics sectors. It is composed of three 2-digit subsectors: Subsector 39 refers to manufacturers of electric equipment; Subsector 40 refers to manufacturers of communiction equipment; and Subsector 41 refers to manufacturers of precision instruments and other office instruments. 3. Total factor productivity growth is calculated employing the Törnqvist index. 4. All regressions include time fixed effects. The regressions for "Total" are based on all firms in Subsectors 39-41 and additionally account for industry fixed effects. 5. With 4-digit (3-digit) zip codes, we restrict spillovers to occur within those regions. 1. *, **, and *** refer to significant parameters and test statistics at 10%, 5%, and 1%, respectively. 2. The sample consists of firms in the electronics sectors. It is composed of three 2-digit subsectors: Subsector 39 refers to manufacturers of electric equipment; Subsector 40 refers to manufacturers of communiction equipment; and Subsector 41 refers to manufacturers of precision instruments and other office instruments. 3. Total factor productivity growth is calculated employing the Törnqvist index. 4. All regressions include time fixed effects. The regressions for "Total" are based on all firms in Subsectors 39-41 and additionally account for industry fixed effects. 5. With 4-digit (3-digit) zip codes, we restrict spillovers to occur within those regions. 6. Rho is calculated using the weighted GM estimator.
